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(57)Abstract: 

PURPOSE: To obtain an injection lock tuning control 
equipment of high frequency stability wherein the oscillation 
frequency of a resonator is stabilized by applying the 
oscillation frequency of a master laser to the reference. 
CONSTITUTION: A part of output pluse light from a laser 
resonator 5 and a part of light from a master laser 1 are led 
out as the respective monitor lights, and both of the 
monitor lights are superposed by using a beam splitter 23. 
The superposed monitor light is measured with a waveform 
measuring equipment 23, Based on the output thereof, the 
beat frequency caused by the frequency difference between 
the output pluse monitor light and the master laser monitor 
light is detected with a degitizer 25 and an FFT analyzer 26. 
On the basis of said beat frequency, the tuning states of 
the output pluse light and the master laser light are judged, 
and the optical length of the laser resonator 5 is controlled 
by using feedback mechanism constituted of a computer 27 
and a piezocontroller 28. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the alignment control unit of the laser cavity 

which used the injection locking method. 

[0002] 

[Description of the Prior Art] Generally, the simultaneous oscillation of the pulse excitation laser 
oscillation equipment is carried out with two or more resonance frequency decided by the optical 
resonator length of a laser cavity. Although some approaches are performed in order to oscillate 
this on a single frequency, the injection locking method is in one of them. 
[0003] The laser cavity using this injection locking method combines the laser (slave laser is 
called hereafter) which serves as laser (master laser is called hereafter) which serves as parents, 
and a child, uses the gain of the powerful laser excitation field of delivery and a slave laser 
resonator for a slave laser resonator for the laser beam used as the weak kind from master laser, 
and obtains a powerful laser beam homogeneous as a master laser beam. 
[0004] An example of the laser cavity of the injection lock method used for drawing 8 from the 
former was shown. That is, the light of the master laser 1 which carried out the single frequency 
oscillation beforehand is acijusted about required reinforcement by the attenuator 2, and is 
poured in into a slave laser resonator by the clinch mirror 3 and the injection mirror 4. A pulse 
laser oscillation is grown up by using light of this poured-in master laser as a seed, and a powerful 
laser beam is obtained. 

[0005] As mentioned above, the laser cavity of an injection lock method can be oscillated on the 
frequency which becomes settled on the frequency of master laser. At this time, the oscillation 
frequency of master laser and the resonance frequency which becomes settled by the cavity 
length of a slave laser resonator need to be in agreement (alignment). For this reason, the 
injection lock alignment control unit which consists of the resonator major key knot device 10 in 
which the optical length of a laser cavity is adjusted according to the detector 8 which detects 
the alignment condition of a laser cavity, and the feedback mechanism 9 and feedback signal for 
controlling the optical length of a laser cavity based on the detected signal is formed, and it is 
constituted so that alignment can be controlled. 

[0006] By the way, in the former, the following approaches were used as the detection approach 
of said alignment condition, and the feedback control approach. 

(a) How to carry out feedback control so that the master laser beam reinforcement detected 
with a power meter may serve as max using the reinforcement of the master laser beam 
outputted from the output mirror of slave laser becoming max at the time of alignment. 



(b) How to carry out feedback control so that the oscillation time delay of the slave laser 
detected with a wave instrumentation may serve as min using a time delay after performing pulse 
excitation until the oscillation of slave laser begins serving as min at the time of alignment. 

(c) How to carry out feedback control so that the beat component between the longitudinal 
modes of the output pulse of the slave laser detected with a wave instrumentation (heterodyne 
measurement machine) may serve as min using oscillating with two or more resonance frequency 
(longitudinal mode) when slave laser separates from a single frequency oscillation condition, 
[0007] 

[Problem(s) to be Solved by the Invention] However, there was a technical problem which is 
described below and which should be solved in the above injection lock alignment control units. 
That is, the method of detecting the reinforcement of the master laser beam of the above (a) has 
the fault that it is not necessarily in agreement with the alignment condition in an oscillation 
condition in order to judge an alignment condition at the time of un-oscillating. Moreover, since 
the field where an oscillation time delay serves as min has a frequency span, the approach of 
detecting the oscillation time delay of (b) has the fault that oscillation frequency stability is 
missing. Furthermore, since it is only maintaining the single frequency oscillation condition a 
longitudinal-mode beat's not appearing, the approach of detecting the beat between the 
longitudinal modes of (c) has the fault that frequency stability is missing too. Thus, a technical 
problem called improvement in oscillation frequency stability was also left behind to the approach 
in which the conventional technique is not. 

[0008] This invention is proposed in order to cancel the fault of the above conventional 
techniques, and the object is in offering the injection lock alignment control unit which it not only 
maintains a single frequency oscillation condition, but stabilizes an oscillation frequency on the 
basis of the oscillation frequency of master laser, 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned object, invention of 
claim 1 The optical system which piles up ejection and both monitor light as each monitor light 
for a part of output pulse light from a laser cavity, and a part of master laser beam, The beat 
frequency produced based on the output of the wave measuring instrument for measuring the 
wave of the monitor light made to pile up mutually and said wave measuring instrument according 
to the frequency difference of output pulse monitor light and master laser monitor light is 
detected. The feedback mechanism which sends out the signal which judges the alignment 
condition of output pulse light and a master laser beam based on this detected beat frequency, 
and controls the optical length of a laser cavity, It is characterized by having the cavity length 
controlling mechanism which adjusts the optical length of a laser cavity with this control signal. 
[0010] Invention of claim 2 to invention of said claim 1 In addition, a means to measure an 
oscillation time delay after performing pulse excitation until the oscillation of output pulse light is 
started, The beat frequency produced based on the output of said wave measuring instrument 



according to the frequency difference of output pulse monitor light and master laser monitor light 
is detected While sending out the signal which judges the alignment condition of output pulse 
light and a master laser beam based on this detected beat frequency, and controls the optical 
length of a laser cavity In the field below the limit of measurement of beat frequency, it is 
characterized by having the feedback mechanism which sends out a control signal with which 
said oscillation time delay serves as the minimal value, and the cavity length controlling 
mechanism which adjusts the optical length of a laser cavity with this control signal. 
[001 1] The optical system for master laser frequency measurement from which invention of 
claim 3 takes out a part of master laser beam as a master laser monitor light, The output of this 
optical system for master laser frequency measurement is fed back to master laser. In the 
injection lock alignment control unit equipped with the master laser frequency stabilization 
feedback mechanism which stabilizes the frequency of a master laser beam The optical system 
led to the optical system for master laser frequency measurement by making a part of output 
pulse light from a laser cavity into monitor light, The output pulse monitor photodetector which 
takes out and detects output pulse monitor light from the optical system for master laser 
frequency measurement, Output pulse monitor optical frequency is detected based on the output 
of said output pulse monitor photodetector. The feedback mechanism which sends out the signal 
which judges the alignment condition of output pulse light and a master laser beam based on this 
detected frequency, and controls the optical length of a laser cavity, It is characterized by having 
the cavity length controlling mechanism which adjusts the optical length of a laser cavity with 
this control signal. 
[0012] 

[Function] By measuring the wave which piled up a part of output pulse light and a part of master 
laser beam according to invention of claim 1 which has the above configuration By being able to 
detect as a frequency of the beat which produced the frequency difference of output pulse light 
and a master laser beam in the measurement wave, and carrying out feedback control so that 
this beat frequency may be kept constant It can maintain at the condition of having stabilized the 
oscillation frequency of output pulse light on the basis of the oscillation frequency of master 
laser. 

[0013] In invention of claim 2, it can maintain at the condition of having stabilized the oscillation 
frequency of output pulse light, by suppressing buildup of malfunction by control of only an 
oscillation time delay, and a jitter, and controlling by the bottom of a beat frequency limit of 
measurement further, so that an oscillation time delay becomes min by detecting a frequency 
difference with master laser from the beat frequency detected with the wave instrumentation. 
[0014] In invention of claim 3, while the optical system for master laser frequency measurement 
performs frequency stabilization of master laser, it can maintain at the condition of having 
stabilized the oscillation frequency of output pulse light, by measuring the frequency of output 
pulse light using the optical system for master laser frequency measurement, and carrying out 



feedback control so that it may maintain at the oscillation frequency of master laser, and a fixed 

frequency difference. 

[0015] 

[Example] It progresses and the example of this invention is explained with reference to the 
drawing below drawing 1 . 

(1) The 1st example — Drawing 1 and the 1st example of drawing 2 are examples corresponding 
to invention of claim 1, In the 1st example, the beam splitter 21 for master laser monitor light 
ejection is formed in the output side of the master laser 1 through an attenuator 2, it is reflected 
by this beam splitter 21 for monitor light ejection, and a part of master laser beam is poured in 
into the slave laser discharge section 5 through the injection mirror 4. Moreover, a part of other 
master laser beams are taken out from the beam splitter 21 for optical ejection by alignment 
optical system as a master laser monitor light. On the other hand, the beam splitter 22 for slave 
laser monitor light ejection is formed in the output side of the output mirror 6 of slave laser, a 
part of output pulse light from the slave laser discharge section 5 turns into slave laser output 
light, it is taken out by the laser oscillator exterior, and other parts are taken out from this beam 
splitter 22 for monitor light ejection by alignment control optical system as a monitor light of a 
slave laser output pulse. 

[0016] In alignment control optical system, the beam splitter 23 for superposition of the monitor 
light from both the beam splitters 21 and 22 is formed in the latter part of said beam splitter 21 
for master laser monitor light ejection, and the beam splitter 22 for slave laser monitor light 
ejection. The wave measuring instrument 24 is connected to the latter part of this beam splitter 
23 for superposition. To the output side of this wave measuring instrument 24 So that the 
digitizer 25 for digitahsignaHzing an output signal, the FFT (fast Fourier transform) analyzer 26 
for frequency analyses, and the obtained beat frequency may become fixed Cavity length The 
piezo-electric element 29 for changing cavity length according to the output signal of the piezo 
controller 28 which controls a piezo-electric element 29 according to the signal from a computer 
27 and a computer 27 which calculates and outputs the signal for making it change, and said 
piezo controller 28 is formed one by one, 

[0017] In the 1st example which has such a configuration, the laser beam of single frequency as 
shown in drawing 2 (a) is oscillated from the master laser 1. It is reflected by the beam splitter 21 
for master laser monitor light ejection, and a part of this master laser beam is poured into the 
discharge section 5 of a slave laser resonator through the injection mirror 4. When the frequency 
of this master laser beam and the resonance frequency of a slave laser resonator are near, slave 
laser carries out a single frequency oscillation with the resonance frequency nearest to a master 
laser frequency. That is, as shown in drawing 2 (b), the slave laser beam which has frequency 
difference deltaf to a master laser beam is oscillated, 

[0018] This slave laser beam is taken out from the output mirror 6 by the slave laser resonator 
exterior, and a part of that light is taken out from the beam splitter 22 for ejection as a slave 



laser monitor light, and it is further sent to the beam splitter 23 for superposition. On the other 
hand, a part of master laser beam is taken out from the beam splitter 21 for master laser monitor 
light ejection as a master laser monitor light, and it is further sent to the beam splitter 23 for 
superposition. If the wave of the monitor light of the master laser piled up by this beam splitter 23 
for superposition and slave laser is measured with the wave measuring instrument 24, a detection 
wave as shown in drawing 2 (c) will be acquired, 

[0019] thus — if the acquired detection wave signal is digitahsignaHzed with a digitizer 25 and 
carries out a frequency analysis with the FFT analyzer 26 further — the frequency of a master 
laser beam and a slave laser beam — the beat frequency component of difference is detected 
like drawing 2 (d). Then, delivery and a piezo-electric element 29 are used for the piezo controller 
28 for a signal which keeps constant the beat frequency obtained by doing in this way from a 
calculating machine 27, and slave laser cavity length is changed. Whenever it does in this way, 
the oscillation frequency of a slave laser beam can be maintained at the fixed oscillation 
frequency on the basis of the oscillation frequency of master laser. When cavity length is 
controlled so that beat frequency is especially set to 0Hz, the oscillation frequency of slave laser 
can maintain the alignment condition which was always in agreement with the oscillation 
frequency of master laser. 

[0020] In addition, drawing 3 is the modification of said 1st example, and it is constituted so that 
the monitor light of master laser and the monitor light of slave laser may be taken out from the 
part of the injection mirror 4. According to this modification, the monitor light of master laser is 
taken out as the transmitted light of the injection mirror 4, and after taking out the output pulse 
monitor light of slave laser as the reflected light of the injection mirror 4 and piling it up on the 
injection mirror 4, incidence of it is carried out to the wave measuring instrument 24. According 
to the same operation as said 1st example, the following can always maintain the oscillation 
frequency of a slave laser beam at the fixed oscillation frequency on the basis of the oscillation 
frequency of master laser. 

[0021] (2) The 2nd example — The 2nd example of drawing 4 is an example corresponding to 
invention of claim 2. By the way, in invention of claim 1 shown in said 1st example, since a 
limit-of-measurement frequency is decided by pulse width, after oscillation pulse width becomes 
short and beat frequency goes below into a limit of measurement, control becomes impossible, 
and frequency stability falls. Then, in invention of claim 2, still more precise control is performed 
in the field below the limit of measurement of said beat frequency using a time delay after 
performing pulse excitation until the oscillation of slave laser begins becoming min at the time of 
alignment. 

[0022] As this 2nd example has the same alignment control optical system as said 1st example 
and shows it to drawing 4 , the beam splitter 21 for master laser monitor light ejection is formed 
in the output side of the master laser 1 through an attenuator 2, it is reflected by this beam 
splitter 21 for monitor light ejection, and a part of master laser beam is poured in into the slave 



laser discharge section 5 through the injection mirror 4, Moreover, a part of other master laser 
beams are taken out from the beam splitter 21 for optical ejection by alignment optical system as 
a master laser monitor light On the other hand, the beam splitter 22 for slave laser monitor light 
ejection is formed in the output side of the output mirror 6 of slave laser, a part of output pulse 
light of slave laser turns into slave laser output light, it is taken out by the laser oscillator exterior, 
and other parts are taken out from this beam splitter 22 for monitor light ejection by alignment 
control optical system as a slave laser monitor light. 

[0023] In alignment control optical system, as for the latter part of said beam splitter 21 for 
master laser monitor light ejection, and the beam splitter 22 for slave laser monitor light ejection, 
the beam splitter 23 for superposition of the monitor light from both the beam splitters 21 and 22 
is formed. The wave measuring instrument 24 is connected to the latter part of this beam splitter 
23 for superposition. While digitahsignaHzing an output signal to the output side of this wave 
instrumentation 24, the measuring-osciilation time delay digitizer 25 is formed in it. Sequential 
connection of the FFT (fast Fourier transform) analyzer 26 for frequency analyses and the 
computer 27 is made at the output side of this digitizer 25. This calculating machine 27 
calculates and outputs the signal for changing cavity length so that the oscillation time delay 
measured with the digitizer 25 may become min in the field below the limit of measurement of 
beat frequency so that the beat frequency obtained with the analyzer 26 may become fixed. The 
piezo-electric element 29 for changing cavity length according to the output signal of the piezo 
controller 28 which controls a piezo-electric element 29 according to the signal from a computer 
27, and said piezo controller 28 is formed in the output side of this computer 27 one by one. 
[0024] In the 2nd example which has such a configuration, if the wave of the monitor light of the 
master laser piled up by the beam splitter 23 for superposition and slave laser is measured with 
the wave measuring instrument 24 like said 1 st example, a detection wave as shown in drawing 2 
(c) will be acquired, if this detection wave signal is digitahsignaHzed with a digitizer 25 and 
carries out a frequency analysis with an FFT analyzer further — the frequency of a master laser 
beam and a slave laser beam — the beat frequency component of difference is detected like 
drawing 2 (d). Simultaneously, in a digitizer 25, an oscillation time delay after performing pulse 
excitation until the oscillation of slave laser begins is measured, and a measurement result is 
sent to a computer 27. In a calculating machine 27, as shown in drawing 5 , in the field where an 
oscillation frequency difference is larger than the beat frequency limit of measurement by 
heterodyne measurement, delivery and a piezo-electric element 29 are used for the piezo 
controller 28 for a signal which keeps constant the obtained beat frequency from a calculating 
machine 27, and slave laser cavity length is changed. On the other hand, a command is taken out 
with the field below the limit of detection of beat frequency from a computer 27 so that an 
oscillation time delay may serve as min, and cavity length is controlled by it. 
[0025] Whenever it does in this way, the oscillation frequency of a slave laser beam can be kept 
good [ precision ] in the fixed oscillation frequency on the basis of the oscillation frequency of 



master laser. Since it went into the large place of an oscillation time delay for every fixed period 
at the time of control and dispersion in an oscillation time delay (jitter) became large only by 
detection of an oscillation time delay especially with the conventional equipment which performs 
alignment control, there was a fault that this tends to cause malfunction. However, since 
according to this example cavity length is beforehand controlled so that beat frequency becomes 
small, and an oscillation time delay is measured below by the limit of measurement of the beat 
frequency, buildup of malfunction by control of only an oscillation time delay and a jitter is 
suppressed, and more precise control is attained. Since an oscillation time delay takes the 
minimal value in the location where an oscillation delta frequency becomes 0 as especially shown 
in drawing 5 , an oscillation time delay is measured, and if the cavity length controlling mechanism 
10 is controlled by the feedback mechanism 9 so that it takes the minimal value, it will become 
possible to take precise alignment with a master laser beam and slave laser oscillation light. 
[0026] In addition, invention of this claim 2 is not limited to the example of a graphic display, and 
can adopt a thing like said drawing 2 etc. suitably as the optical system which takes out monitor 
light from each laser beam, or alignment control optical system. 

[0027] (4) The 3rd example — The 3rd example of drawing 6 is an example corresponding to 
invention of claim 3. By the way, in invention of said claim 1 and claim 2, the oscillation frequency 
of slave laser is stabilized on the basis of the oscillation frequency of master laser on the 
assumption that the oscillation frequency of master laser is stable. However, unless the 
oscillation frequency of master laser itself is stable, effectiveness also with sufficient invention 
of said claim 1 and claim 2 will be acquired. Then, the outstanding effectiveness is demonstrated, 
when invention of claim 3 stabilizes the oscillation frequency of master laser and the oscillation 
frequency of slave laser is stabilized on the basis of the oscillation frequency of master laser. 
[0028] In this 3rd example, as shown in drawing 6 , the beam splitter 31 for taking out a part of 
master laser beam as a master laser monitor light is formed in the output side of the master laser 
1, and the monitor light of the master laser separated by this beam splitter 31 is introduced to 
the optical system 32 for frequency measurement. A detector 33 is connected to the optical 
system 32 for frequency measurement, and the frequency of master laser monitor light is 
measured in this detector 33. The frequency of the measured master laser monitor light is fed 
back to the master laser 1 by the frequency stabilization feedback mechanism 34, and the 
frequency of a master laser beam is stabilized based on this feedback information. 
[0029] On the other hand, the beam splitter 41 which takes out a part of slave laser beam as a 
monitor light is formed in the output side of slave laser, and the monitor light from this beam 
splitter 41 is introduced into said optical system 32 for frequency measurement through the 
reflective mirror 42. The cavity length controlling mechanism 10 of slave laser is controlled by 
the feedback mechanism 9 so that the frequency of slave laser monitor light and the oscillation 
frequency of slave laser which the slave laser monitor photodetector 43 was connected, and the 
frequency of slave laser monitor light was detected in this detector 43, and were detected here 



maintain a fixed frequency difference at the optica! system 32 for frequency measurement 
[0030] Drawing 7 is what showed the example of said drawing 6 still more concretely, and the 
stabilization etalon 44 is used for it as optical system 32 for frequency measurement In this 
example, a part of that oscillation light is introduced to the stabilization etalon 44 through the 
beam splitter 31 for master laser monitor light ejection, and a beam splitter 45 as a monitor light, 
this introduced monitor light is taken out by the detector 33 by the beam splitter 46, and, as for 
the master laser 1, that frequency is detected. Here, when the optical length of a stabilization 
etalon is set to L and the velocity of light is set to c, the frequency fm of master laser is fm 
~n.c/2L (n; forward integer) 

Since it comes out and the transparency property of a stabilization etalon shows a sharp peak at 
a certain time, a master laser oscillatiog frequency is stabilized by the frequency stabilization 
feedback mechanism 34 so that the detection reinforcement of monitor light may serve as the 
maximum. 

[0031] On the other hand, a part of output pulse of a slave laser beam is taken out as a monitor 
light by the beam splitter 41 for slave laser monitor light ejection. This slave laser monitor light is 
introduced into the stabilization etalon 44 through the reflective mirror 42 and a beam splitter 45, 
and is outputted to the slave laser monitor photodetector 43 through a beam splitter 46 after 
that Said cavity length controlling mechanism 10 is controlled by the feedback mechanism 9 so 
that the monitor optical output reinforcement from this monitor photodetector 43 serves as max. 
Namely, oscillation frequency fs of the property of a stabilization etalon to slave laser fs 
=fm+m.c/2L (m; forward integer) 

It is alike and will stabilize. Thus, according to the example of drawing 7 , it can maintain at the 
condition of having always stabilized the oscillation frequency of slave laser on the basis of the 
oscillation frequency of master laser. 
[0032] 

[Effect of the Invention] Since the oscillation frequency of slave laser is stabilized on the basis of 
the oscillation frequency of master laser also in invention [ which / of claim 1 thru/ or claim 3 ], it 
becomes possible to obtain an injection lock alignment control unit with high oscillation 
frequency stability, as stated above. Especially, in invention of claim 2, also in the field below the 
limrt-of-measurernent value of beat frequency, stabilization of an oscillation frequency is 
attained and frequency stabilization with a more high precision becomes possible. Moreover, in 
invention of claim 3, since the optical system for master laser oscillation frequency measurement 
can be used for the stabilization and coincidence of a slave laser oscillation frequency by 
stabilization of the oscillation frequency of master laser itself also as an object for slave laser 
oscillation frequency measurement as it is, the simplification of optical system is also attained. 



[Translation done.] 
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Soffit* 7^ - HA' y t©M»P^lcJ:0 
k-if #J8S§©##ttfi3 SRRTS^RftlWWlll 

[0 0 12] 

[ffffli a±©*i«*5rr*»«flii©«WK«fc*itf' 

^ 3^ - »f 3t©«ftftSftffl-«ft»t:±Ufc H- P © 
«»fttbT*ffl-r*!:fc!8«T*, ^©t-hMiftftS 

^^-i/-if©5B««»ftes*ttT. fti^wxft 
©sstwftfttssatft^fc^fwfii^ct*^**. 

[0 0 13] »*S2©^-?tt> ft»tH8»TftWS 

TTtt^^SSNf W^ft/JN » s «fc 5 M fPf S n t fc «fc 

[0 0 14] »*«3©KWT», YX^-U— tf»« 
ftMSffl^JRtiOVX^-V— *f©«ftft3Kfiftft 

TtU*^;kX3t©H«**MSt» TX^-k-if©^ 
[0 0 15] 

mmm a^-c, *»«©**«*» imis 

(1) »1«««I-H1, 02 
5. JSl**«t*t»T, VXi'-k— !fl©ffl*«lw 



(4) 

5 

(3, Mgg§2£^tTYX*-l/— !f 9 tti 
bfflt?-AX7Us/*-2 TX*-W- 
£®^X?-ftIROffiLfflH-AX:/y 

4s^bTxu—^i/— mmi$5ft\z.&A2n%. $ 

X^-fttLT, 3t®0tilbfflH-A7.^ , J7^-2 1 

v-*t mnw 5 *» s rotfjrt/'WxftcD-fSKix 

tLT, ;iC^X*-^ifcUfflW?§H--AX:/Uy*-- 
2 2^6^ffid«l3t^«ffl3n5. 

[0016] mmmmmmz^xu, mibyx*- 

l^-1f ; E^^-JfclRDtBbfflH-AX7 , 'Jy^-2 1 t 
X 1^-71/— tf*X*-ftiRDWbffl lf-AX^'J V 9 
-22»«C«. PoH-AX7'J y*-2 1, 22^ 
&O^-^-^0a^t3ti:fflt*-AXyUy^-2 3 
At|8tte,nTV^„ £»afc£;b*fflH-AX7'Uy* 

- 2 3 ©msic«is^ft« 2 4 tmm^n. z\<D$m 
n-ii^ 2 4 (omm\z. mmzfwji'mfc'rz 

tctb<DTV9'(*f-2 5, $i£IStfttFrffl©FFT (Bit 

mwLtW)tz>m®2 7. m®27fte><Dismz 

2 8 , S^ffEfcfxyn > h U-y- 2 8 ©ffl^tt^fC 
S£oT*«fi^bSitSfe*©tfX^i i 2 9 MB 

[0 0 17] rroio?5:*^#T?.®l*Jfi^^V^ 
T, VTstr-V-' tf 1^6»02 (a) l^-T^ft* 

AX:/U y?-2 lTKtf£tt> >^x?->3 >3 7 
-4 ^ bTX V-^V-if*lSS§©St«ffl5 5 taA2 

^m^^mm^mm^^ xw-^i'-imYx 

fairs. ?tit>?>. 0 2 (b) \Z*~f£5\Z, TX*- 

i/— y^ic^LT^iSMA f s^-rsxi'-^-if 

[0 0 18] ZV>7,V-7~V- Iffflt, 

zzv-^v-vmmmizmmn, *v>%v>- 
fflt-A7,-/'j^3'-2 3\zm*>nz>, YX*- 

ffltf-AX^'J>y^-2 1^5)YX^-W— y^&X^- 
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yttbTMvmn, stc, sfc£t>-a:ffltf-Ax:/u 

y*-2 3KM£>nS. £©afc£-fctffflfcr-AX:/U 
»y*-2 3T«fc&fc>2n&TX*-l'-1?iXW-:7 

i/-if© ; ex^-^©»&wn-aig82 4-etHitr* 
t, 02 (c) (c*-rck5^fflSc^#e)ns. 

[0 0 19] £©J;5KLT#SnfcttttM{§^£. 

5-1 , ^»2 6^ft»^flf1-St, YX*--V-lfft£ 
x tf)E©Mi8[fcg#©fc?- M5i£f«##> 

02 (d) ©J;5C^m$n-5o fCT, ^©.fciKL 

|C«2 7*^tfX'/3>hD-7-2 8IC10, tXV 
9^ffl^TXk-^W-1f*lgS§S^^fc3-& 
S, ^©«k5(c-ri.t, Xl/-7k-im©?Sl^i!&& 

<n%mm$i&\z&*DZ\ttfr%z>. Wz, x-hmtitffc 

^0Hzt^-5=k5t'*SS§fi : &$!WU^'&t»» X 

v-iv- if cD^s^s^mtTx ifoas 

[0 0 2 0] 75:43, 0 3 MffliS 1 ^Sltf]©^^'? 
ifcoT, TX*-V~ tfC^x^-^tXV-^V— if 

cD^E-^-^i^-o^x^ ->a >s 5- 4 ©$##> e> 

tf, TX*-l/-tf©*X*~)W>S>x*3/3>5 

y-4(Dmm^ttLxmta^n. xiz-^-tfrotij 

Ja^^nfc^, «^«-«2 4CAWrs. OTiil 

ia^i*iiMt^o^fflcj;o, xi/-^i^-if^© 

[0 0 2 1] (2) ^2^JS0IJ-04 

^2HJI^«, «f*«2ro^BjtM^-r^*li^& 
So <h^5T, tffi2mi^^Jtr*bfcM*«i©^ 

-^(3. /I^XiitcfcoTiJSIS^SE^^^Sfc*. 

[0 0 2 2] C ©^ 2 ^ffi^JB, MIB^ 1 ^JS^J t m 

YX^-V— !f l<DmW\Z\Z. MgS8 2S^UTYX 
^-1/— If^X^-^mOWLfflbf-AX^'J y^-2 
l^lSlt^n, YX^-W— ^©'fcX* 
-^mOWl/ffllf-AX'/U -^^-2 1 }'±oTHW5 
n, i'>iJxi7^3>'5 9-4^tTX^- , /W-if 



(5 

7 

WBt!-AX7'J>y*-2 l*>6HW3K*#fc«»3ta* 

Vic«Dffi3tU ttroHKliXV-TV-lftx*-* 
tUT, £©^*-ftIR0fflU8tf-AX7>Jy*- 

[0 0 2 3] RHHlHP^#K*^Ttt, MfBTX*- 

7 1/- 7 Sft X * -3t« D ffl Uffl K- AX 7 U y * 
-2 2CO^g!tt. ffit'-AX7Uy:$'-2 1, 2 2^S 
©^-?-)t©«fc£fc>ttfflH-AX7Uy:$'-2 3# 

2 3CD«SKB*»ttai«2 4*«««3nr^a. -© 
*»«-a»2 4oBA«ic, m^tf^^mt 
t*t*fc. «»iffl$n*H^«©5W-rtf---2 

5#t&tt£frrO>£. Z^T^-ftf^ 5©tHA*lfc 
tt. ffii&t!t#«Tffl©FFT «*7-Ul«D 
-flf-2 6, tHf«2 7«tW*SB»anTV>6. £©tt 

at-5£fcfc*«k5fc. *&K-hW«*©i»0BJM2rF 

«gl,ttS;/}T5fc©T&3<, El©ff-JHl2 7©tftflffifc 
WtZ>¥xV3yVU-7-2 8, atfflWBlfx73> 

*&*©fc:X'./#f 2 9)Wll5fc«»6nTt»*. 
[0 0 2 4] £fl!>J:5a:«lriE*«-r5»2*»WTtt, 

wish i Sfc&fr#fflt:-Ax7'J ? 

*-2 3 Tfifc'&fcSnfcVX*-!'— «*£X 1^-7 W 
— lT©*X*-3t©«J&fc*#fHIJS2 4TftHI*r4 
i, 0 2 (c) fcwT«k3&«ffltt#a«»&ft4. ^© 
t*(H«»«3*. rv>*-ftf-2 5T?r^M^ft 
U SICFFT777<1f-TJ3$&#«TT££, VX 
*-W-tf3fcfcXW-7V-1fft©HSft^©K- h 
AttRA^At. 0 2 (d) ©±5fcftffl*n*. W» 

U'-7V-if©fllS* J Wi&'f4Sr©5Sffijl5il^M* t iI 

ssn, wtn*a»irtWi2 7Ka6n*. tnwm 

*. fU*«2 7*6Kl!/3>hn-9-2 8(CS0, 

a**. tf-hH»«©»ffll8*aT©t»* , C' 
tt. «fia*WW* t *^t***5fclHHI2 7*»6» 
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[0 0 2 5] COj^fc-fafc, *W-7V— lf#©» 

wjc, sisaiaii^iBiottfflwftfcioTRifiiwfP'Eff'S 

©**v>ii:$fcAD, »S«P«fl©tf&^S 

9) zmmw}fc*m*?^t^ 

■?■©£— h»»»©«JERi|L£tT«8iaHil^l«IS«S 
fS©T> 8^J^n©*©Mfllc**«l&fl s fc5 ? v 

*©jh*s*ii*.*c. *on*»«iP*»Tir«ia*. w 

UT. *n*MMMi« t * <t 5 l'7^r- FA' 5/ 7«« 9 

ic£DftMft«mft i o &«w-rn«, tx*-w 

[0 0 2 6] £©»*3i2©5M!tt, 0*©^J£ 

«cisftsn-6"b©T?tta<. a-w-if^e^x^- 
©£3fcfc©fc£*afi«jrr*;: 

[0 0 2 7] (4) 

us «*a3©K!Hfc»*r*giMrcfc 

4. iE^T, ltIE||#«l 2 ©58WTtt, 

T X * - V - ©»«W«**«ftS!fc l/T V» * £ £ S «l 
fitLT. TX*-l/-tf©»lB««l:ft**t^TX 
l/-7U-U , ©»WI*»ft*€fl;l>TViS. L*>U 
•?x*-k-tf©5WHS*a##*£fcl/TV>&t> 

t, Mia»*« i &xtm%m 2 ©««*+»»«**«# 

^-u-if©58JB«ii**ftSflrr*i:tK«fcD. 
- 7 i/-if ©«W**« ^ x ^ - v-if ©^M^^ic 

^.fcafc^fc©'?**. 

[0 0 2 8] ^©^3*SS^J-ett. H6Kwt±5C 
YX^-Wlf 1©IHA«C, Y^^-V— *f*©-« 

« v x * - v — 9*-9 -ft t bxm v m? ttffo © tr- 
Aa7Uy*-3 lawtsn, i©tr-Ax7Uy^ 
-3 iT^8i$nfcTx^-k— tfotx^-je^ws 

MM£ffl*#*3 2'\*Aan-0>*. ^Scffl^ffl)t 
**3 2Ktt«ffl»3 3««««3n. ^©^WSg3 3t* 
*ViTTX^-V'-1f ; EX^-3tt©«jKjR^il^Sn 
4. jUDESn^TX^-V-lftx^-^raWStRtt, 

— yiJc^^r-Hny^sn. z:©7-<-H/ty^«f« 

[0 0 2 9] !f©ffl*llttt. XW 

IfJtoHIBfttx^-^tl/TaDWrK-A 
X7'Jy^-4 l««n, il©t;-AX7Uy^- 



(6) 



4 l^S©€X*-ft#ESt3?-4 2£#LTlitriaffi 
3 2 ICS, Xk-^W-tf ; &-^-^fflS§4 3 

a*»«sn, ^ro«wi^4 3tz*5v>Tx^-^U'-^ ; & 

tt*fc#-fc©H«^*«^.t3K:, 7<f-K/t»* 

wr 9 \z£?x* v-~jv-^o*mmwm i o 

[0 0 3 0] H 7 14, ift!B0 6 0DH««*!EfcR#«K JO 

x^d>4 4£fflv>fct>©'c*5. «:©*KiW*ctt, v 
x^-k— tfitt. *©38JItt©-«#, tx^-ftt 

f, =n • c/2L (n ; !©&$:) 

*£ftX*o>©Siifttttt«BV>£-2* 

*»ft«ft 7 >r - H/ty 3 4 fc«k 0 

[0 0 3 1]-*, X W^U— !f3tOW*^^0- 

^©XV-^V-if^-^-m Htf57-4 2&tf 

SJIASn, *©ftH-AX^Uy^-4 6ft*bTXl/ 
-^V-ift-^-3tttta»4 3Kffl*Sn«. -©* 
X?-^tfm4 3j5>6©tX?-mft&&#ft±£ 

jtMfwm ojwwfpan*. -rftfcfc, ^fcibx^n 

>©®1fefc£>, Xk-^I/— tf©^S^iSScf. tt, 
f, = f, +m-c/2L (m;IE©!£&) 
K«£fl;Sn*iltC«:5. £©«fc3£, 07©^ffi09 

t3 

[0 0 3 2] 
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10 



n££#, »«H«*sSffttt©*vw>>>x^^3>o 

3 2 ©RWfc £V>Ttt, tf" h«««©«igiBJMKrF 
©««T>b5HB««*©SSft*^iet^0, «kt>Sf« 
©«^«»*5SfJ6fla9»ia*ta:*. i!#«3©?g 
Wfcfc^Ttt. •n'X^-V— !f©»tWSJfrt©*>©© 

[HI] »»l»^t^D^g. 

[02] *»w©»i *nwfc*w-*#«©ffla«»* 



[03] HiolOIWroOSWft^^nyi'H. 
[04] *5SW©*2SdSWft*1*^Dy^H. 

[05] %mmmit\tmmmmtm®&t<o 

[06] 3M8W©JB3«i«ft*1*^Dy^H. 

[07] ®6<DmMm%ftmz*?yny>7 0. 

[08] flt*©^ VS^xi'S'aJ'Dyf RH«HI8*© 

[ft*f©ift$] 
1-yx^-w— y 

2 

4--Y>v J xi7->3>5 7- 

2 2-YX^-k- if*=*-3fciR0tf}Ufle-A*7 

2 3 -^x^-^afe^-a-ffltf-Axyu 
2 4-wnmi 

2 

2 6-FFT7±5-f1f- 
2 7-ttJHI 

2 8-ex»/3>hn--5- 
2 9-KXl/JHT' 



(7) 
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